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:RUGFRXQW 
&RUUHVSRQGHQFHFRQFHUQLQJWKLVDUWLFOHVKRXOGEHDGGUHVVHGWR6KLQPLQ:DQJ
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$EVWUDFW 
5HFHQWUHVHDUFKKDVVXJJHVWHGWKDWWKHFUHDWLRQRIWHPSRUDU\ERXQGUHSUHVHQWDWLRQVRI
LQIRUPDWLRQIURPGLIIHUHQWVRXUFHVZLWKLQZRUNLQJPHPRU\XQLTXHO\UHODWHVWRZRUG
UHFRJQLWLRQDELOLWLHVLQVFKRRODJHFKLOGUHQ+RZHYHULWLVXQFOHDUWRZKDWH[WHQWWKLV
OLQNLVDWWULEXWDEOHVSHFLILFDOO\WRELQGLQJDELOLW\IRUFURVVPRGDOLQIRUPDWLRQ7KLV
VWXG\H[DPLQHGWKHSHUIRUPDQFHRI*UDGH\UVROGFKLOGUHQRQbinding tasks 
requiring either temporary association formation of two visual items (i.e., within-
modal binding) or pairs of visually presented abstract shapes and auditorily presented 
nonwords (i.e., cross-modal binding)&KLOGUHQ¶VZRUGUHFRJQLWLRQVNLOOVZHUHUHODWHG
WRSHUIRUPDQFHRQWKHFURVVPRGDOELQGLQJWDVNEXWQRWRQWKHZLWKLQPRGDOELQGLQJ
WDVN)XUWKHUUHJUHVVLRQPRGHOVVKRZHGWKDWFURVVPRGDOELQGLQJPHPRU\ZDVD
VLJQLILFDQWSUHGLFWRURIZRUGUHFRJQLWLRQZKHQPHPRU\IRULWVFRQVWLWXHQWHOHPHQWV
JHQHUDODELOLWLHVDQGFUXFLDOO\ZLWKLQPRGDOELQGLQJPHPRU\ZHUHWDNHQLQWR
DFFRXQW7KHVHILQGLQJVPD\VXJJHVWDVSHFLILFOLQNEHWZHHQWKHDELOLW\WRELQG
LQIRUPDWLRQDFURVVPRGDOLWLHVZLWKLQZRUNLQJPHPRU\DQGZRUGUHFRJQLWLRQVNLOOV 
.H\ZRUGVZRUNLQJPHPRU\FURVVPRGDOELQGLQJHSLVRGLFEXIIHUZRUGDFTXLVLWLRQ
0DQGDULQ 
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&URVVPRGDOZRUNLQJPHPRU\ELQGLQJDQGZRUGUHFRJQLWLRQVNLOOV+RZVSHFLILFLV
WKHOLQN" 
6XFFHVVIXOZRUGOHDUQLQJGHSHQGVRQDUDQJHRIFRJQLWLYHDQGOLQJXLVWLFIDFWRUV
)URPWKHSHUVSHFWLYHRIPHPRU\YLVXDOZRUGOHDUQLQJUHTXLUHVFRQVWLWXWLRQRI
PHPRU\IRUZRUGIRUPVRUWKRJUDSK\SURQXQFLDWLRQVSKRQRORJ\PHDQLQJV
VHPDQWLFVDQGFUXFLDOO\WKHLUDVVRFLDWLRQV7KHVHWKUHHGLVWLQJXLVKDEOHEXW
LQWHUOLQNHGFRQVWLWXHQWVRIZRUGLGHQWLWLHVDUHDFNQRZOHGJHGLQWKHOH[LFDO
FRQVWLWXHQF\PRGHOIRUZRUGUHDGLQJ3HUIHWWL/LX	7DQ7KHFRQQHFWLRQLVW
PRGHORIUHDGLQJSURSRVHGWKDWYLVXDOZRUGOHDUQLQJRFFXUVE\LQFUHPHQWDOFKDQJHVLQ
WKHVWUHQJWKRIDVVRFLDWLRQEHWZHHQRUWKRJUDSK\DQGSKRQRORJ\6HLGHQEHUJ	
0F&OHOODQG$WDQHXURQDOOHYHOOHDUQLQJWRUHDGLQYROYHVFUHDWLQJDQLQYDULDQW
YLVXDOUHSUHVHQWDWLRQRIZULWWHQZRUGVLQSRVWHULRUYLVXDOUHJLRQVDQGFRQQHFWLQJLWWR
EUDLQDUHDVFRGLQJIRUVSHHFKVRXQGVWHPSRUDOSDULHWDODQGDQWHULRUDUHDVDQG
PHDQLQJSRVWHULRUDQGDQWHULRUUHJLRQVVHH'HKDHQHIRUDFRPSUHKHQVLYH
UHYLHZ'LVUXSWLRQVRIWKHVHFRQQHFWLRQVHJ6KD\ZLW]HWDODQGSUREOHPVLQ
DXGLRYLVXDOLQWHJUDWLRQHJ+DUUDUHWDO-RQHV%UDQLJDQ3DUUD	/RJLH
KDYHEHHQREVHUYHGLQSRSXODWLRQVZLWKG\VOH[LD7DNLQJDGLIIHUHQWDSSURDFKD
VLPLODUSDWWHUQRIILQGLQJLVDOVRVXJJHVWHGLQDUHFHQWVWXG\ZKHUHWKHDELOLW\WR
WHPSRUDULO\ELQGLQIRUPDWLRQGUDZQIURPWKHSKRQRORJLFDOORRSDQGYLVXRVSDWLDO
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VNHWFKSDGZLWKLQZRUNLQJPHPRU\KDVEHHQIRXQGWRXQLTXHO\OLQNWRZRUGOHDUQLQJ
RXWFRPHVLQW\SLFDOO\GHYHORSLQJVFKRRODJHGFKLOGUHQ:DQJ$OOHQ/HH	+VLHK
:KDWUHPDLQVXQFOHDULVZKHWKHUWKLVUHSUHVHQWVDVSHFLILFOLQNEHWZHHQFURVV
PRGDOELQGLQJDELOLW\DQGSULQWHGZRUGOHDUQLQJRXWFRPHV7KHDLPRIWKHFXUUHQW
VWXG\LVKHQFHWRDGGUHVVWKLVLVVXHE\LQFOXGLQJDZLWKLQPRGDOELQGLQJWDVNDVZHOO
DVDFURVVPRGDOELQGLQJWDVNWRVHHZKHWKHUWKHSUHGLFWLYHSRZHURIFURVVPRGDO
ELQGLQJLQZRUGUHDGLQJVNLOOVFDQJRDERYHDQGEH\RQGWKDWRIZLWKLQPRGDOELQGLQJ  
 6XFFHVVIXOYLVXDOZRUGUHFRJQLWLRQLQYROYHVWKHDELOLW\WRFUHDWHDUELWUDU\
DVVRFLDWLRQVEHWZHHQV\PERODQGVRXQGVDQGWRUHWULHYHWKHFRUUHVSRQGLQJVRXQG
IURPWKHYLVXDOO\SUHVHQWHGV\PERO7KLVSURFHVVLVFRQYHQWLRQDOO\ZHOOFDSWXUHGE\
WKH5$1WKHUDSLGDXWRPDWL]HGQDPLQJWDVNZKHUHSDUWLFLSDQWVZHUHUHTXLUHGWR
QDPHDORXGSULQWHGOLVWVRIGLJLWVRUOHWWHUVDVIDVWDVWKH\FDQVHH%RZH\IRUD
UHYLHZ,WWKHUHIRUHWDSVWKHVSHHGRIUHWULHYDORIWKHOHDUQHGV\PEROVRXQG
DVVRFLDWLRQV$UJXDEO\WKHUDSLGUHWULHYDOLVRQO\SRVVLEOHZKHQVXFKDVVRFLDWLRQV
KDYHEHHQVXFFHVVIXOO\VWRUHGLQPHPRU\DQGWKXVKLJKO\OHDUQHG,QOLJKWRIWKLV
REVHUYDWLRQUHVHDUFKHUVKDYHVWDUWHGWRLQYHVWLJDWHKRZDVVRFLDWLYHOHDUQLQJDELOLW\
FRQWULEXWHVWRYLVXDOZRUGDFTXLVLWLRQDQGIRXQGWKDWWKHDELOLW\WRIRUPDVVRFLDWLRQ
EHWZHHQDXGLWRU\YHUEDODQGYLVXDOPDWHULDOVLQORQJWHUPPHPRU\LVLPSRUWDQWIRU
YLVXDOZRUGDFTXLVLWLRQLQVFKRRODJHFKLOGUHQDFURVVGLIIHUHQWODQJXDJHVHJ
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+XOPH*RHW]*RRFK$GDPV	6QRZOLQJ/L6KX0F%ULGH&KDQJ/LX	
;XH0HVVEDXHU	GH-RQJ0RXUJXHVHWDO1LHOVHQ	-XXO
:DUPLQJWRQ	+XOPH  
,QDOSKDEHWLFODQJXDJHVVXFKDV(QJOLVKOHWWHUNQRZOHGJHKDVEHHQFRQVLVWHQWO\
IRXQGWREHDFUXFLDOIDFWRULQIOXHQFLQJVXEVHTXHQWZRUGUHFRJQLWLRQGHYHORSPHQW
7KHOHDUQLQJRIOHWWHUVRXQGVGHSHQGVRQWKHDELOLW\WRDVVRFLDWHSULQWHGOHWWHUVYLVXDO
WRWKHLUFRUUHVSRQGLQJVRXQGVDXGLWRU\YHUEDO+XOPHHWDO$VVRFLDWLRQ
DELOLW\PD\DOVREHLQYROYHGLQYLVXDOZRUGGHYHORSPHQWE\DVVLVWLQJWKHOHDUQLQJRI
ODUJHQXPEHURILQFRQVLVWHQWPDSSLQJVEHWZHHQSKRQHPHVDQGJUDSKHPHVDV
VXJJHVWHGLQDUHFHQW'DQLVKVWXG\1LHOVHQ	-XXO/LNHZLVHLQQRQ
DOSKDEHWLFODQJXDJHVVXFKDV&KLQHVHLQLWLDOFKDUDFWHUOHDUQLQJPD\ODUJHO\UHTXLUHV
DVVRFLDWLRQIRUPDWLRQEHWZHHQZULWWHQFKDUDFWHUVDQGWKHLUSURQXQFLDWLRQVJLYHQWKH
IDFWWKDW&KLQHVHFKDUDFWHUVDUHQRWGHVLJQHGWRVSHOORXWWKHLUFRUUHVSRQGLQJVRXQGV
LQQDWXUH/LHWDO:DQJHWDO 
7KHUROHRIORQJWHUPDVVRFLDWLRQOHDUQLQJDELOLW\LQGHYHORSLQJZRUGUHFRJQLWLRQ
VNLOOVKDVEHHQUHFHLYLQJLQFUHDVHGDWWHQWLRQDFURVVGLIIHUHQWODQJXDJHV\VWHPVHJ
+XOPHHWDO/LHWDO0HVVEDXHU	GH-RQJ0RXUJXHVHWDO
1LHOVHQ	-XXO:DUPLQJWRQ	+XOPH,QWKHVHVWXGLHVLQGLYLGXDO
GLIIHUHQFHVLQDVVRFLDWLRQOHDUQLQJDELOLW\KDYHEHHQW\SLFDOO\LQGH[HGE\SDLUHG
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DVVRFLDWHGOHDUQLQJ3$/WDVNV7KH3$/WDVNUHTXLUHVSDUWLFLSDQWVWROHDUQ
DVVRFLDWLRQEHWZHHQPDWHULDOVWKURXJKUHSHDWHGH[SRVXUHV,WWKHUHIRUHWDSVDVHULHVRI
FRJQLWLYHSURFHVVHVLQFOXGLQJVKRUWWHUPPHPRU\IRUFRQVWLWXHQWPDWHULDOVLQLWLDO
IRUPDWLRQIRUWKHLUDVVRFLDWLRQOHDUQLQJVSHHGDQGORQJWHUPUHWHQWLRQRIWKHOHDUQHG
DVVRFLDWLRQV7RIXUWKHUWHDVHDSDUWWKHVHSURFHVVHVDQGWKHLUUHODWLYHFRQWULEXWLRQVWR
ZRUGUHFRJQLWLRQVNLOOVDUHFHQWVWXG\E\:DQJDQGFROOHDJXHVWRRNDGLIIHUHQW
DSSURDFKE\IRFXVLQJRQWKHFRJQLWLYHSURFHVVUHODWHGWRWKHDELOLW\WRIRUPLQLWLDO
DVVRFLDWLRQVEHWZHHQPDWHULDOVLQZRUNLQJPHPRU\DQGKRZLWPD\FRQWULEXWHWR
LQWHJUDWLRQRIRUWKRJUDSKLFDQGSKRQRORJLFDOLQIRUPDWLRQLQORQJWHUPPHPRU\RULQ
RWKHUZRUGVWRYLVXDOZRUGDFTXLVLWLRQ 
7KHDSSURDFKWDNHQLVQRWHZRUWK\JLYHQWKDWZRUNLQJPHPRU\LVDV\VWHPWKDW
SURYLGHVWHPSRUDU\PDLQWHQDQFHRILQIRUPDWLRQQHFHVVDU\IRUORQJWHUPOHDUQLQJ
%DGGHOH\2QHRIWKHLQIOXHQWLDOWKHRUHWLFDODSSURDFKHVWRXQGHUVWDQGZRUNLQJ
PHPRU\VWUXFWXUHDQGIXQFWLRQVDPRQJRWKHUVHJ%DUURXLOOHW%HUQDUGLQ	&DPRV
&RZDQ8QVZRUWK	(QJOHLVWKHPXOWLFRPSRQHQWPRGHORI
ZRUNLQJPHPRU\%DGGHOH\%DGGHOH\%DGGHOH\	+LWFK
7KLVIUDPHZRUNGHVFULEHVWKHZRUNLQJPHPRU\V\VWHPDVLQFOXGLQJVHSDUDEOH
SKRQRORJLFDODQGYLVXRVSDWLDOVKRUWWHUPVWRUHVDQGDFHQWUDOH[HFXWLYHFRQWURO
SURFHVVDORQJZLWKWKHPRUHUHFHQWDGGLWLRQRIWKHHSLVRGLFEXIIHUDPRGDOLW\JHQHUDO
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VWRUHFDSDEOHRILQWHJUDWLQJLQIRUPDWLRQGUDZQIURPGLIIHUHQWVRXUFHVLQWKH
HQYLURQPHQWDQGIURPORQJWHUPPHPRU\%DGGHOH\%DGGHOH\$OOHQ	+LWFK
%DVLFWHPSRUDU\VWRUDJHRIYHUEDORUYLVXRVSDWLDOLQIRUPDWLRQLVW\SLFDOO\
PHDVXUHGE\VLPSOHVSDQWDVNVWKDWSULPDULO\UHTXLUHLQIRUPDWLRQUHWHQWLRQZKHUHDV
FRPSOH[VSDQWDVNVDUHGHVLJQHGWRFDSWXUHWKHVLPXOWDQHRXVVWRUDJHDQGWKHFHQWUDO
H[HFXWLYHFRQWUROSURFHVV 8VLQJVXFKPHDVXUHVVXEVWDQWLDOUHVHDUFKKDVVKRZQOLQNV
EHWZHHQZRUNLQJPHPRU\FDSDFLW\DQGZRUGDFTXLVLWLRQHJ%DGGHOH\*DWKHUFROH
	3DSDJQR*DWKHUFROH:LOOLV(PVOLH	%DGGHOH\0DMHUXV3RQFHOHW
*UHIIH	YDQGHU/LQGHQ:DQJ	*DWKHUFROH  
7KHDELOLW\WRKROGWHPSRUDU\ERXQGLQIRUPDWLRQLQZRUNLQJPHPRU\LV
FRQYHQWLRQDOO\PHDVXUHGE\H[SHULPHQWDOELQGLQJWDVNVWKDWUHTXLUHintegration of 
individual features to form a bound representation, typically following a single 
exposure (e.g., Allen, 2015; Brockmole & Franconeri, 2009). Following this 
paradigm, Wang et al. (2015) developed a binding task in which LPPHGLDWHPHPRU\
IRUSDLUVRIYLVXDOO\SUHVHQWHGDEVWUDFWVKDSHVDQGDXGLWRULO\SUHVHQWHGQRQZRUGV was 
assessed to examine whether temporary binding ability is related to word recognition 
skills in Mandarin-speaking children aged 8-10. The results show WKDWFKLOGUHQ¶V
performance on this task is a strong correlate of their word recognition skills, even 
when chronological age, nonverbal ability, memory for individual features that 
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constitute the binding task, and other reading-related factors were considered. 
Building on this, corroborative evidence for such a relationship has also been found in 
an adult word learning context using the same working memory binding paradigm 
(Wang, Allen, Fang, & Li, in press). These findings therefore provide preliminary 
evidence for the link between individuals¶ working memory binding skills and their 
capacity to form long-term orthography-phonology associations (also see Jones et al., 
2013). 
However, it remains unclear whether there is a specific link between cross-modal 
working memory binding and printed word learning outcomes, or if the link observed 
simply reflects the contribution from a more general binding ability. To address this 
issue, the current study included a binding task requiring temporary association 
formation of two visual materials (i.e., within-modal binding) as well as the task 
developed by Wang et al. (2015) involving immediate memory for pairs of visually 
presented abstract shapes and auditorily presented nonwords memory (i.e., cross-
modal binding). Our hypothesis was that if there is a specific link between cross-
modal working memory binding abilities and developing word recognition skills, we 
would expect that cross-modal working memory binding performances remain a 
significant predictor of word recognition skills above and beyond within-modal 
working memory binding performances.  
 &526602'$/%,1',1*$1':25'5(&2*1,7,21 
9 
 
Method 
3DUWLFLSDQWV 
$WRWDORI*UDGHFKLOGUHQER\VDQGJLUOVPHDQDJH \HDUVDQG
PRQWKV6' PRQWKVUDQJH \HDUVDQGPRQWKVWR\HDUVDQGPRQWKV
ZHUHUHFUXLWHGIURPWKUHHVWDWHSULPDU\VFKRROVLQ7DLSHL&RXQW\7DLZDQFKLOGUHQ
ZLWKUHSRUWHGGHYHORSPHQWDOGLVRUGHUVRUDGGLWLRQDOHGXFDWLRQDOQHHGVZHUHH[FOXGHG
7KHQFKLOGUHQZKRSURGXFHGJXHVVLQJHUURUUDWHVVHHGHWDLOVEHORZKLJKHU
WKDQLQHLWKHUELQGLQJPHPRU\WDVNVHHGHWDLOVEHORZZHUHDOVRH[FOXGHGDVWKLV
PHDQVWKDWWKH\UHVSRQGHGE\JXHVVLQJUDQGRPO\IRUPRUHWKDQKDOIRIWKHWULDOV,Q
WKHHQGGDWDIURPFKLOGUHQER\VDQGJLUOVPHDQDJH \HDUVDQG  
PRQWKV6' PRQWKVUDQJH \HDUVDQGPRQWKVWR\HDUVDQGPRQWKV
ZHUHXVHGLQWKHFXUUHQWDQDO\VHV1RQHRIWKHFKLOGUHQKDGDQ\NQRZQDGGLWLRQDO
OHDUQLQJQHHGVRUVHQVRU\LPSDLUPHQWV$OOFKLOGUHQZHUHQDWLYH0DQGDULQVSHDNHUV
,QIRUPHGSDUHQWDOFRQVHQWZDVREWDLQHGDQGFRPSOHWHGSULRUWRSDUWLFLSDWLQJ7KH
VWXG\ZDVDSSURYHGE\WKH&HQWHUIRU5HVHDUFK(WKLFVRIWKH1DWLRQDO7DLZDQ1RUPDO
8QLYHUVLW\  
3URFHGXUH 
&KLOGUHQZHUHWHVWHGDFURVVWKUHHVHVVLRQV,QWKHILUVWVHVVLRQWKH5DYHQ¶V
3URJUHVVLYH0DWULFHVDQGPHDVXUHRIZRUGUHFRJQLWLRQZHUHJLYHQWRWKHZKROHFODVV
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DWWKHVHFRQGZHHNDIWHUWKHEHJLQQLQJRIWKHVHFRQGVHPHVWHU7KHQFKLOGUHQ
UHFHLYHGWKHRWKHUWZRVHVVLRQVIRUWKHFRPSXWHUL]HGZRUNLQJPHPRU\ELQGLQJEDWWHU\
VHHEHORZIRUGHWDLOVLQGLYLGXDOO\LQDTXLHWURRPRIWKHVFKRRO7KHPHDVXUHVRI
PHPRU\IRUQRQZRUGVPHPRU\IRUVKDSHVDQGPHPRU\IRUDOLHQVZHUHDGPLQLVWHUHG
LQWKHVHFRQGVHVVLRQODVWLQJPLQXWHV7KHDGPLQLVWUDWLRQRUGHURIWKHWDVNVZDV
EDODQFHGDFURVVFKLOGUHQ,QWKHWKLUGVHVVLRQODVWLQJPLQXWHVWKHPHDVXUHVRI
FURVVPRGDOELQGLQJPHPRU\DQGZLWKLQPRGDOELQGLQJPHPRU\ZHUHFRQGXFWHGLQD
FRXQWHUEDODQFHGRUGHUDFURVVFKLOGUHQ7KHWKLUGVHVVLRQZDVJLYHQWRWKHFKLOGUHQ
ZLWKLQDZHHNDIWHUWKHVHFRQGVHVVLRQWRHQVXUHWKDWYLVXDODQGDXGLWRU\YHUEDO
HOHPHQWVZHUHHTXDOO\IDPLOLDUWRFKLOGUHQZKHQSHUIRUPLQJWKHUHOHYDQWELQGLQJ
WDVNV  
0DWHULDOVDQG7DVNV 
7KH:RUNLQJPHPRU\ELQGLQJEDWWHU\ 
 7KHFRPSXWHUL]HGELQGLQJWDVNGHVLJQHGE\:DQJHWDOZDVDGMXVWHGWR
PHDVXUHZRUNLQJPHPRU\IRUYHUEDOYLVXDOLQIRUPDWLRQELQGLQJLHDXGLWRU\
QRQZRUGDQGVKDSHWKHFURVVPRGDOELQGLQJWDVNDQGZRUNLQJPHPRU\IRUYLVXDO
YLVXDOLQIRUPDWLRQELQGLQJLHDOLHQDQGVKDSH±WKHZLWKLQPRGDOELQGLQJWDVN,Q
RUGHUWREHDEOHWRVHSDUDWHSDUWLFLSDQWV¶PHPRU\FDSDFLW\IRULQGLYLGXDOIHDWXUHVIURP
WKHLUDELOLW\WRIRUPDVVRFLDWLRQVEHWZHHQIHDWXUHVLQZRUNLQJPHPRU\WKUHH
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FRUUHVSRQGLQJIHDWXUHPHPRU\WDVNVZHUHDOVRDGPLQLVWHUHGWRPHDVXUHPHPRU\IRU
WKHFRQVWLWXHQWDXGLWRU\YHUEDOPDWHULDOVWKHDXGLWRU\YHUEDOPHPRU\WDVNDQGYLVXDO
PDWHULDOVWKHDOLHQPHPRU\WDVNDQGWKHVKDSHPHPRU\WDVN  
,QWKHWZRELQGLQJWDVNVOLVWOHQJWKZDVVHWDWSDLUV1,QHDFKRIWKHIHDWXUH
PHPRU\WDVNVQRQZRUGVVKDSHVDOLHQVOLVWOHQJWKZDVVHWDWLWHPVWRHTXDWHWKH
QXPEHURILQGLYLGXDOIHDWXUHVWREHUHPHPEHUHGEHWZHHQLQGLYLGXDODQGELQGLQJ
PHPRU\FRQGLWLRQV:DQJHWDO(DFKWDVNFRQWDLQHGH[SHULPHQWDOWULDOV
SUHFHGHGE\SUDFWLFHWULDOVRIDLWHPSDLUVHTXHQFH0DWHULDOVDQGSURFHGXUHV
XVHGLQWKHILYHWDVNVZHUHGHVFULEHGLQWXUQEHORZ  
7KHDXGLWRU\YHUEDOPHPRU\WDVN7KHVWLPXOXVSRROFRQVLVWHGRIDVHWRI
0DQGDULQDXGLWRU\QRQZRUGVJDERXWHQJPXIDRKDQJUHLVHXVHGLQWKHVWXG\
RI:DQJHWDO7KHVWLPXOLZHUHVDPSOHGUDQGRPO\ZLWKRXWUHSODFHPHQW
ZLWKLQHDFKWULDODQGXVHGIRUDOOSDUWLFLSDQWV  
$WWKHVWXG\SKDVHDVHTXHQFHRIDXGLWRU\QRQZRUGVZDVSUHVHQWHGYLD
KHDGSKRQHV(DFKWULDOEHJDQZLWKDEODFNIL[DWLRQFURVVSUHVHQWHGDWWKHXSSHUFHQWUH
RIWKHVFUHHQIRUPVIROORZHGE\DPVGHOD\(DFKWREHUHPHPEHUHGLWHPZDV
WKHQSUHVHQWHGIRUPVZLWKLQWHUVWLPXOXVLQWHUYDOVRIPVZLWKWKHVFUHHQ
                                                      
1  :HDOVRUDQDYHUVLRQRIWKHELQGLQJWDVNVXVLQJVHTXHQFHVRISDLUVEXWWKLVZDVWRRFKDOOHQJLQJ
IRUWKLVDJHJURXSZLWKFKLOGUHQ1 SHUIRUPLQJDWDYHU\ORZOHYHOFURVVPRGDO0 6'
 ZLWKLQPRGDO0 6' 7KHFXUUHQWDQDO\VLVZDVWKHUHIRUHOLPLWHGWROHQJWKGDWDVHWV 
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UHPDLQLQJEODQNGXULQJSUHVHQWDWLRQ$PVGHOD\IROORZHGRIIVHWRIWKHILQDOLWHP
LQWKHVHTXHQFHDQGZDVWKHQIROORZHGE\WKHWHVWSKDVH 
$WWKHWHVWSKDVHDOOQRQZRUGVZHUHGLVSOD\HGDVUHVSRQVHRSWLRQVLQWKHLU
YLVXDOIRUPV=KX<LQ)X+DR)LJ$DSKRQHWLFV\PEROV\VWHPGHVLJQHGWR
UHSUHVHQWWKHVRXQGVRI&KLQHVHFKDUDFWHUVLQ7DLZDQ7KLVGHVLJQDOORZVPDQXDO
UHVSRQVHVDQGWKHUHIRUHSRWHQWLDOO\UXOHVRXWWKHSRVVLELOLW\WKDWUHTXLUHPHQWIRU
VSRNHQUHVSRQVHVPLJKWGULYHDQ\OLQNREVHUYHGEHWZHHQUHDGLQJPHDVXUHVDQGRWKHU
FRJQLWLYHWDVNVVHH:DQJHWDOIRUWKHGHVLJQ7KH=KX<LQ)X+DRZHUH
SUHVHQWHGLQWKHORZHUKDOIRIWKHVFUHHQZLWKHDFKVXUURXQGHGE\DJUH\VTXDUH
RXWOLQH)LJ$&XHLWHPVZHUHVHOHFWHGLQUDQGRPRUGHURQHDFKWULDOWKXV
QXOOLI\LQJWKHSRVVLEOHUROHRIVHULDORUGHUPHFKDQLVPV7KHSDUWLFLSDQWVXVHGWKH
PRXVHWRFOLFNWKHWDUJHWLWHPVLQDQ\RUGHU1RVHULDORUGHUHOHPHQWZDVUHTXLUHGDV
WKLVZDVQRWDQH[SOLFLWSDUWRIWKHELQGLQJWDVN7KHJUH\VTXDUHDURXQGWKHLWHPV
WXUQHGJUHHQRQFHVHOHFWHGDQGUHPDLQHGJUHHQWLOOWKHHQGRIWKHWHVWSKDVHDVD
UHPLQGHURIZKLFKLWHPVKDGEHHQVHOHFWHG7KHWULDOHQGHGZKHQDOOUHVSRQVHVKDG
EHHQPDGHRUZKHQWKHWRWDOUHVSRQVHWLPHH[FHHGHGVJLYLQJVRQDYHUDJHIRU
HDFKUHVSRQVH7KHH[SHULPHQWHUSUHVVHGWKHVSDFHEDUWRVWDUWWKHQH[WWULDO'LVSOD\
ORFDWLRQVRIWKHUHVSRQVHRSWLRQVDWWHVWZHUHUDQGRPL]HGDQGFKDQJHGDFURVVWULDOV
WRSUHYHQWWKHSRWHQWLDOXVHRIORFDWLRQFXHV7KHGHSHQGHQWYDULDEOHZDVSURSRUWLRQ
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RIFRUUHFWUHVSRQVHV  
 7KHVKDSHPHPRU\WDVN7KHVWLPXOXVSRROFRQVLVWHGRIDVHWRIDEVWUDFWDQG
QRQQDPHDEOHVL[SRLQWVKDSHVGUDZQUDQGRPO\IURPWKHVWXG\RI9DQGHUSODVDQG
*DUYLQQXPEHU$OOVWLPXOLZHUHSUHVHQWHGLQ
EODFNDJDLQVWDZKLWHEDFNJURXQG)LJ%7KH\ZHUHVDPSOHGUDQGRPO\ZLWKRXW
UHSODFHPHQWZLWKLQHDFKWULDODQGXVHGIRUDOOSDUWLFLSDQWV  
7KHWDVNSURFHGXUHZDVLGHQWLFDOWRWKDWHPSOR\HGLQWKHDXGLWRU\YHUEDO
PHPRU\WDVNH[FHSWWKDWWKHH[SHULPHQWDOVWLPXOLZHUHUHSODFHGE\DVHWRIVKDSHV
$WVWXG\DVHTXHQFHRIVKDSHVZDVSUHVHQWHGDWWKHXSSHUFHQWHURIWKHVFUHHQDW
VWXG\$WWHVWWKHSRVVLEOHFKRLFHVZHUHSUHVHQWHGLQWKHORZHUKDOIRIWKHVFUHHQ
)LJ%7KHSDUWLFLSDQWVKDGWRFOLFNWRVHOHFWWKHWDUJHWLWHPVLQDQ\RUGHU7KH
GHSHQGHQWYDULDEOHZDVSURSRUWLRQRIFRUUHFWUHVSRQVHV  
 7KHDOLHQPHPRU\WDVN7KHVWLPXOLSRROFRQVLVWHGRIDVHWRIXQIDPLOLDU
SLFWXUHVRIDOLHQVWDNHQIURPWKHVWXG\RI*XSWDHWDOVHW%VHW%
VHW%VHW%VHW&VHW&VHW&VHW&$OOVWLPXOLZHUHSUHVHQWHGLQ
JUH\VFDOHDJDLQVWDZKLWHEDFNJURXQG7KH\ZHUHVDPSOHGUDQGRPO\ZLWKRXW
UHSODFHPHQWZLWKLQHDFKWULDODQGXVHGIRUDOOSDUWLFLSDQWV)LJ&  
7KHWDVNSURFHGXUHZDVLGHQWLFDOWRWKDWHPSOR\HGLQWKHYLVXDOPHPRU\WDVN
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H[FHSWWKDWWKHH[SHULPHQWDOVWLPXOLZHUHUHSODFHGE\DVHWRIDOLHQV$WVWXG\D
VHTXHQFHRIDOLHQVZDVSUHVHQWHGDWWKHXSSHUFHQWHURIWKHVFUHHQDWVWXG\$WWHVW
WKHSRVVLEOHFKRLFHVZHUHSUHVHQWHGDQGGLVSOD\HGHYHQO\RQWKHVFUHHQ)LJ&
7KHSDUWLFLSDQWVKDGWRFOLFNWRVHOHFWWKHWDUJHWLWHPVLQDQ\RUGHU7KHGHSHQGHQW
YDULDEOHZDVSURSRUWLRQRIFRUUHFWUHVSRQVHV 
 7KHFURVVPRGDOELQGLQJWDVN7KHVWLPXOLFRQVLVWHGRIWKHDXGLWRU\QRQZRUGV
DQGVKDSHVGHVFULEHGDERYH$WVWXG\DVHTXHQFHRIDUELWUDU\SDLUVRIDXGLWRU\
QRQZRUGDQGYLVXDOVKDSHZDVSUHVHQWHG)LJ'7KHWDVNSURFHGXUHZDVLGHQWLFDO
WRWKDWHPSOR\HGLQWKHIHDWXUHPHPRU\WDVNVH[FHSWWKDWWKHSUHVHQWDWLRQWLPHIRUWKH
FRQVWLWXHQWVKDSHRIHDFKWREHUHPHPEHUHGSDLUZDVH[WHQGHGWRPV7KH
SUHVHQWDWLRQWLPHIRUHDFKDXGLWRU\QRQZRUGUHPDLQHGWKHVDPHDVWKDWLQWKHIHDWXUH
FRQGLWLRQLHPV7KLVJDYHSDUWLFLSDQWVPVWRSURFHVVHDFKSDLUDQG
KHQFHHQVXUHGHTXLYDOHQWIHDWXUHSURFHVVLQJIRUWKHLQGLYLGXDOIHDWXUHDQGELQGLQJ
PHPRU\WDVNV  
$WWHVWDXGLWRU\QRQZRUGVZHUHSUHVHQWHGRQHDWDWLPHDVUHWULHYDOFXHV
6LPXOWDQHRXVO\SDUWLFLSDQWVVDZDOOSRVVLEOHVKDSHVWKDWPDGHXSWKHSDLULQWKH
VWXG\SKDVHGLVSOD\HGDWWKHORZHUKDOIRIWKHVFUHHQDQGZHUHUHTXLUHGWRLGHQWLI\WKH
WDUJHWLWHPE\PRXVHFOLFNLQJ)LJ'7KHPD[LPXPUHVSRQVHWLPHIRUHDFKFXH
ZDVV7RSUHYHQWWKHUROHRIVHULDORUGHUPHFKDQLVPFXHLWHPVZHUHUDQGRPO\
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SUHVHQWHGRQHDFKJLYHQWULDO7KHGHSHQGHQWYDULDEOHZDVSURSRUWLRQRIFRUUHFW
UHVSRQVHV$GGLWLRQDOO\JXHVVLQJHUURUUDWHZDVH[DPLQHGDVDSURSRUWLRQRIWKHWRWDO
QXPEHURIIHDWXUHVWKDWGLGQRWDSSHDULQWKHSUHVHQWHGVHTXHQFHEXWZHUHVHOHFWHG
7KLVUHVSRQVHW\SHUHSUHVHQWVFKLOGUHQ¶VWHQGHQF\RIUDQGRPJXHVVHVZKHQ
SHUIRUPLQJWKHELQGLQJWDVN  
 7KHZLWKLQPRGDOELQGLQJWDVN7KHVWLPXOLFRQVLVWHGRIWKHDOLHQVDQGVKDSHV
GHVFULEHGDERYH7KHWDVNSURFHGXUHFRUUHVSRQGHGWRWKHFURVVPRGDOELQGLQJWDVN$W
VWXG\DVHTXHQFHRIDUELWUDU\SDLUVRISLFWXUHVRIDOLHQDQGVKDSHZDVSUHVHQWHG
)LJ($WWHVWSLFWXUHVRIDOLHQZHUHSUHVHQWHGRQHDWDWLPHDVUHWULHYDOFXHV
3DUWLFLSDQWVVLPXOWDQHRXVO\VDZDOOSRVVLEOHVKDSHVWKDWPDGHXSWKHSDLULQWKH
VWXG\SKDVHGLVSOD\HGDWWKHORZHUKDOIRIWKHVFUHHQDQGZHUHUHTXLUHGWRLGHQWLI\WKH
WDUJHWLWHPE\PRXVHFOLFNLQJ)LJ(7KHGHSHQGHQWYDULDEOHZDVSURSRUWLRQRI
FRUUHFWUHVSRQVHV*XHVVLQJHUURUUDWHZDVDOVRFDOFXODWHG 
2WKHUPHDVXUHV 
:RUGUHFRJQLWLRQ*UDGHG&KLQHVH&KDUDFWHU5HFRJQLWLRQ7HVW+XDQJ
ZDVXVHGDVDVWDQGDUGL]HGJURXSDGPLQLVWHUHGDQGXQWLPHGUHDGLQJPHDVXUHZLWK
VLQJOHV\OODEOHFKDUDFWHUVLQFUHDVLQJLQGLIILFXOW\7KLVWDVNLVZLGHO\XVHGLQ7DLZDQ
WRLQGH[FKLOGUHQ¶VZRUGUHFRJQLWLRQDELOLWLHV&KLOGUHQZHUHDVNHGWRZULWHGRZQWKH
SURQXQFLDWLRQRIWKHFKDUDFWHUQH[WWRLWXVLQJ=KX<LQ)X+DRZLWKWKHGHSHQGHQW
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YDULDEOHEHLQJWKHQXPEHURIFKDUDFWHUVDQVZHUHGFRUUHFWO\7KHUDZVFRUHZDV
WUDQVIRUPHGLQWRD7VFRUHZLWKSRSXODWLRQPHDQRIDQGVWDQGDUGGHYLDWLRQRI
7KHWHVWUHWHVWUHOLDELOLW\KDVEHHQSUHYLRXVO\HVWLPDWHGDWIRUJUDGHDQGIRU
JUDGH+XDQJ 
1RQYHUEDODELOLW\7KH5DYHQ¶V3URJUHVVLYH0DWULFHVIRUQRQYHUEDOLQWHOOLJHQFH
DELOLW\5DYHQ&RXUW	5DYHQ7KHUDZVFRUHZDVFRQYHUWHGWRDVWDQGDUG
VFRUH0 6' DQGXVHGDVWKHGHSHQGHQWYDULDEOH  
Results 
'HVFULSWLYHVWDWLVWLFVIRUWKHSULQFLSOHPHDVXUHVDUHGLVSOD\HGLQ7DEOH7KH
VLPSOHFRUUHODWLRQV7DEOHORZHUKDOIVKRZWKDWWKHPHDVXUHRIZRUGUHFRJQLWLRQ
ZDVVLJQLILFDQWO\FRUUHODWHGZLWKQRQYHUEDODELOLW\DXGLWRU\PHPRU\DOLHQPHPRU\
DQGFUXFLDOO\ZLWKFURVVPRGDOELQGLQJPHPRU\EXWQRWZLWKLQPRGDOELQGLQJ
PHPRU\2XWFRPHVIURPD%D\HVLDQFRUUHODWLRQDQDO\VLV-$637HDPDUHLQ
OLQHZLWKWKLV7DEOHXSSHUKDOISURGXFLQJD%D\HV)DFWRURIDURXQGIRUWKH
FRUUHODWLRQEHWZHHQZRUGUHFRJQLWLRQDQGFURVVPRGDOELQGLQJWKXVUHSUHVHQWLQJ
µYHU\VWURQJ¶HYLGHQFHIRUWKHFRUUHODWLRQ7KLVFRQWUDVWVZLWK%) IRUWKH
FRUUHODWLRQEHWZHHQZRUGUHFRJQLWLRQDQGZLWKLQPRGDOLW\ELQGLQJZKLFKUHSUHVHQWV
HYLGHQFHDOEHLWµDQHFGRWDO¶IRUWKHDEVHQFHRIFRUUHODWLRQLQWKLVFDVH  
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+RZHYHUZHQRWHKHUHWKDWFRQWUDVWLQJWKHSUHVHQFHYVDEVHQFHRIFRUUHODWLRQ
GRHVQRWPHDQWKDWWKHVHWZRFRUUHODWLRQVWKHPVHOYHVGLIIHUHJ*HOPDQ	6WHUQ
1LHXZHQKXLV)RUVWPDQQ	:DJHQPDNHUV$GLUHFWRQHVLGHG
RYHUODSSLQJGHSHQGHQWJURXSVFRPSDULVRQRIWKHFRUUHODWLRQVEHWZHHQZRUG
UHFRJQLWLRQDQGFURVVPRGDOELQGLQJDQGZLWKLQPRGDOELQGLQJZDVWKHUHIRUH
FDUULHGRXWXVLQJ'XQQDQG&ODUN¶V]WHVWZLWKLQWKHFRFRUSDFNDJH
'LHGHQKRIHQ	0XVFK7KLVLQGLFDWHGWKDWWKHWZRFRUUHODWLRQVGRQRW
VLJQLILFDQWO\GLIIHUDQGWKDWWKHQXOOK\SRWKHVLVVKRXOGEHUHWDLQHG] S
 7KXVZKLOHZHREVHUYHGWKHSUHGLFWHGFRUUHODWLRQEHWZHHQFURVVPRGDO
ELQGLQJDQGZRUGUHFRJQLWLRQDQGWKHDEVHQFHRIVXFKDFRUUHODWLRQLQWKHFDVHRI
ZLWKLQPRGDOLW\ELQGLQJWKHUHZDVLQIDFWOLWWOHHYLGHQFHWKDWWKHVHWZRFRUUHODWLRQV
WKHPVHOYHVGLIIHU 
7KUHHVHWVRIKLHUDUFKLFDOUHJUHVVLRQDQDO\VHVZHUHWKHQFDUULHGRXWZLWKZRUG
UHFRJQLWLRQDVDGHSHQGHQWPHDVXUH7DEOH,QUHJUHVVLRQ	QRQYHUEDODELOLW\
ZDVHQWHUHGDW6WHSDQGFRUUHVSRQGLQJIHDWXUHPHPRU\DW6WHSWRFRQWUROHIIHFWV
RIJHQHUDODELOLW\DQGPHPRU\IRULQGLYLGXDOIHDWXUH5HJUHVVLRQUHYHDOHGWKDWFURVV
PRGDOELQGLQJPHPRU\ZDVDVLJQLILFDQWSUHGLFWRURIZRUGUHFRJQLWLRQDERYHDQG
EH\RQGJHQHUDODELOLW\DQGLWVFRQVWLWXHQWIHDWXUHPHPRU\DQGDFFRXQWHGIRUXQLTXH
RIYDULDQFHLQZRUGUHFRJQLWLRQ7RJHWKHUDOOYDULDEOHVH[SODLQHGRIWKH
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YDULDQFHLQZRUGUHFRJQLWLRQ2QWKHFRQWUDU\WKHVHFRQGVHWRIUHJUHVVLRQDQDO\VLV
LQGLFDWHGWKDWZLWKLQPRGDOELQGLQJPHPRU\ZDVQRWDVLJQLILFDQWSUHGLFWRURIZRUG
UHFRJQLWLRQ,QUHJUHVVLRQZLWKLQPRGDOELQGLQJPHPRU\ZDVDOVRHQWHUHGLQWKH
PRGHOWRJHWKHUZLWKPHPRU\IRUWKHFRQVWLWXHQWSDUWVRIFURVVPRGDOELQGLQJPHPRU\
LHYHUEDOPHPRU\DQGVKDSHPHPRU\7KHUHVXOWVLQGLFDWHGWKDWFURVVPRGDO
ELQGLQJPHPRU\UHPDLQHGDXQLTXHSUHGLFWRURIZRUGUHFRJQLWLRQHYHQZKHQZLWKLQ
PRGDOELQGLQJPHPRU\ZDVLQFOXGHGLQWKHPRGHO7KXVIDUWKHUHJUHVVLRQUHVXOWV
VXJJHVWDVSHFLILFOLQNEHWZHHQFKLOGUHQ¶VDELOLW\WRELQGLQIRUPDWLRQGUDZQDFURVV
PRGDOLWLHVLQZRUNLQJPHPRU\DQGWKHLUZRUGUHFRJQLWLRQVNLOOV 
+RZHYHUZHQRWHGWKDWWKHSURSRUWLRQFRUUHFWGDWDIURPPHDVXUHVRIYHUEDO
PHPRU\: SDOLHQPHPRU\: S DQGFURVVPRGDOELQGLQJ
PHPRU\: S ZHUHQRWQRUPDOO\GLVWULEXWHG7RGHDOZLWKWKLVLVVXHZH
ILUVWO\WULHGWRWUDQVIRUPWKHGDWDXVLQJWKUHHGLIIHUHQWZD\VLQFOXGLQJWKHORJ
WUDQVIRUPDWLRQWKHVTXDUHURRWWUDQVIRUPDWLRQDQGWKHUHFLSURFDOWUDQVIRUPDWLRQ
1HLWKHURIWKHPVXFFHHGHGWRFRUUHFWWKHQRQQRUPDOLW\:HWKHQDSSOLHGWKH
ERRWVWUDSSLQJSURFHVV(IURQ	7LEVKLUDQLXVLQJ5VRIWZDUH5&RUH7HDP
WRGHDOZLWKWKHLPSDFWRIELDVGXHWRWKHQRQQRUPDOLW\$VVKRZQLQWDEOH
DOOWKHERRWVWUDSFRQILGHQFHLQWHUYDOVDUHFORVHWRWKHSOXJLQFRQILGHQFHLQWHUYDOV
VXJJHVWLQJWKDWZHGLGQRWKDYHDSUREOHPRIQRQQRUPDOGLVWULEXWLRQLQWKHPRGHO
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)LHOG0LOHV	)LHOG  
)ROORZLQJWKLV%D\HVLDQUHJUHVVLRQDQDO\VHV-$637HDPZHUH 
FRQGXFWHGWRIXUWKHUH[SORUHWKLVILQGLQJH[DPLQLQJHLWKHUFURVVPRGDORUZLWKLQ
PRGDOELQGLQJ,QHDFKFDVHZRUGUHFRJQLWLRQZDVHQWHUHGDVWKHGHSHQGHQWYDULDEOH
DQGQRQYHUEDODELOLW\DQGIHDWXUHPHPRU\FODVVHGDVQXLVDQFHYDULDEOHVWRLQFOXGH
WKHPZLWKLQWKHQXOOPRGHO)RUFURVVPRGDOLW\ELQGLQJWKLVSURGXFHGD%D\HV
)DFWRURILHµPRGHUDWH¶HYLGHQFHIRUDQHIIHFWZKHUHDVWKH%)IRUZLWKLQ
PRGDOLW\ELQGLQJZDVRUWRLQIDYRXURIWKHQXOO)LQDOO\D%D\HVLDQ
UHJUHVVLRQIRFXVLQJRQFURVVPRGDOELQGLQJWKDWDOVRLQFOXGHGZLWKLQPRGDOLW\
ELQGLQJZLWKLQWKHQXOOPRGHODORQJVLGHQRQYHUEDODELOLW\DQGIHDWXUHPHPRU\
SURGXFHGD%)RI7KXVWKHVHDGGLWLRQDO%D\HVLDQUHJUHVVLRQDQDO\VHVFRUURERUDWH
WKHKLHUDUFKLFDOUHJUHVVLRQRXWFRPHVDQGVXJJHVWDVSHFLILFOLQNEHWZHHQFKLOGUHQ¶V
DELOLW\WRELQGLQIRUPDWLRQGUDZQDFURVVPRGDOLWLHVLQZRUNLQJPHPRU\DQGWKHLU
ZRUGUHFRJQLWLRQVNLOOV 
Discussion 
7KHDLPRIWKHSUHVHQWVWXG\ZDVWRHYDOXDWHWKHVSHFLILFLW\RIWKHOLQNREVHUYHG
EHWZHHQFURVVPRGDOZRUNLQJPHPRU\ELQGLQJDQGZRUGUHFRJQLWLRQVNLOOVE\
LQFRUSRUDWLQJZLWKLQPRGDODVZHOODVFURVVPRGDOZRUNLQJPHPRU\ELQGLQJWDVNV
7KHUHVXOWVVKRZWKDWFURVVPRGDOZRUNLQJPHPRU\ELQGLQJDELOLW\ZDVXQLTXHO\
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DVVRFLDWHGZLWKZRUGUHFRJQLWLRQVNLOOVDIWHUQRQYHUEDODELOLWLHVPHPRU\IRUWKH
FRQVWLWXHQWPDWHULDOVDQGFUXFLDOO\ZLWKLQPRGDOELQGLQJPHPRU\ZHUHWDNHQLQWR
DFFRXQW7KLVILQGLQJDSSHDUVWRVXJJHVWWKDWWKLVREVHUYHGOLQNEHWZHHQFURVVPRGDO
ELQGLQJWDVNSHUIRUPDQFHDQGFKDUDFWHUUHFRJQLWLRQVNLOOVFRXOGEHDWWULEXWDEOH
VSHFLILFDOO\WRWKHELQGLQJDELOLW\IRUFURVVPRGDOLQIRUPDWLRQWRVRPHH[WHQW 
2XUUHVXOWVSRLQWRXWWKDWFURVVPRGDOELQGLQJDELOLW\EDVHGRQDVLQJOHH[SRVXUH
WRSDLUVRIYLVXDODQGSKRQRORJLFDOIHDWXUHVWKDWLVLQWKHYHU\HDUO\VWDJHRI
DVVRFLDWLYHOHDUQLQJLVVSHFLILFDOO\OLQNHGWRZRUGUHDGLQJDELOLW\7KHVLPLODUSDWWHUQ
RIILQGLQJVDOVRDSSHDUVLQSUHYLRXVUHSRUWVRIGLVUXSWHGSHUIRUPDQFHVRQFURVVPRGDO
DVVRFLDWLRQWDVNVLQ(QJOLVKVSHDNLQJSRSXODWLRQVZLWKVLQJOHZRUGUHDGLQJ
GLIILFXOWLHVHJ+DUUDUHWDOWKRXJKGLVFXVVHGLQWKHIUDPHZRUNRI
PXOWLVHQVRU\LQWHJUDWLRQDQGDWWHQWLRQVKLIWLQJUDWKHUWKDQPHPRU\,QWKHVWXG\RI
+DUUDUHWDOWKHDXWKRUVIRXQGWKDWG\VOH[LFLQGLYLGXDOVKDYHGLIILFXOWLHVSHUIRUPLQJ
WKHFURVVPRGDOWDVNRQO\ZKHQWKHPDSSLQJLVLQWKHYLVXDOYHUEDOGLUHFWLRQ
1HYHUWKHOHVVVXFKILQGLQJGRHVQRWQHFHVVDULO\SUHFOXGHWKHSRVVLELOLW\WKDWLQGLYLGXDO
GLIIHUHQFHVLQFURVVPRGDOWDVNLQYROYLQJYHUEDOYLVXDOPDSSLQJGLUHFWLRQZLOO
DFFRXQWIRUYDULDQFHLQZRUGUHDGLQJLQDZLGHUUDQJHRIW\SLFDOO\GHYHORSLQJ
FKLOGUHQDVVKRZQLQWKHSUHVHQWGDWD2IFRXUVHLWZLOOEHIUXLWIXOWRHPSOR\ODWHQW
YDULDEOHDSSURDFKZKHUHPXOWLSOHPHDVXUHVRIGLIIHUHQWW\SHVRIFURVVPRGDOELQGLQJ
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DUHREWDLQHGWRLQYHVWLJDWHZKHWKHUWDVNVZLWKGLIIHUHQWPDSSLQJGLUHFWLRQVZLOOORDG
RQWKHVDPHRUGLIIHUHQWODWHQWYDULDEOHVDQGZKHWKHUWKH\PDNHGLIIHUHQWLDO
FRQWULEXWLRQVWRZRUGUHDGLQJVNLOOVLQW\SLFDOO\GHYHORSLQJFKLOGUHQ  
7KHWZRELQGLQJWDVNVXVHGLQWKHSUHVHQWVWXG\ZHUHERWKVHOHFWHGWRFDSWXUH
IRUPVRIH[WULQVLFRUUHODWLRQDOELQGLQJ(FNHU0D\EHU\	=LPPHU3DUUDHW
DOVHH$OOHQIRUDUHYLHZDOVR(FNHU0D\EHU\	=LPPHU3DUUD
HWDO:LWKLQVXFKWDVNVWKHLQGLYLGXDOPXVWHQFRGHDQGUHWDLQWKHDVVRFLDWLRQV
EHWZHHQFRQWH[WXDOIHDWXUHVWKDWGRQRWIRUPSDUWRIWKHVDPHSHUFHSWXDOXQLWD
SURFHVVSRWHQWLDOO\UHTXLUHGE\QHZZRUGOHDUQLQJ$VVXJJHVWHGE\(FNHUHWDO
DQG3DUUDHWDOWKLVEURDGFDWHJRU\RIWDVNPD\EHHIIRUWIXODQG
SRVVLEO\GUDZVRQDGGLWLRQDOEUDLQUHJLRQVHJWKHKLSSRFDPSXVUHODWLYHWRWDVNV
UHTXLULQJLQWULQVLFRUFRQMXQFWLYHELQGLQJVXFKDVWKHELQGLQJRIFRORXUDQGVKDSH
ZLWKLQDVLQJOHREMHFWHJ$OOHQ%DGGHOH\	+LWFK7KHFXUUHQWUHVXOWV
LQGLFDWHWKDWWKHSRVVLEOHUHODWLRQVKLSEHWZHHQFURVVPRGDOELQGLQJDQGZRUG
UHFRJQLWLRQUHIOHFWVWKHUROHIRUWKLVVSHFLILFIRUPRIDVVRFLDWLYHPHPRU\UDWKHUWKDQ
WKHRSHUDWLRQRIDQ\W\SHRIH[WULQVLFUHODWLRQDOELQGLQJ/LWWOHUHVHDUFKKDVGLUHFWO\
FRQWUDVWHGZLWKLQDQGFURVVPRGDOELQGLQJDQGWKLVZRUNKDVW\SLFDOO\IRFXVHGRQ
FRPPRQDOLWLHVUDWKHUWKDQGLIIHUHQFHVHJ%DGGHOH\HWDO*DR:X4LX+H
<DQJ	6KHQ:KLOHIXWXUHZRUNPLJKWIUXLWIXOO\H[SORUHWKHXQGHUO\LQJ
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PHFKDQLVPVLQHDFKFDVHZHZRXOGLGHQWLI\FULWLFDOGLIIHUHQFHVDVVRFLDWHGZLWK
YDULDWLRQVLQVRXUFHPRGDOLW\LQFOXGLQJLQYROYHPHQWRIGLVWLQFWSHUFHSWXDOV\VWHPV
DQGWKHFKDOOHQJHVLQKHUHQWLQFRRUGLQDWLQJDQGELQGLQJWHPSRUDOO\FRRFFXUULQJ
YLVXDODQGDXGLWRU\LQIRUPDWLRQYHUVXVLQIRUPDWLRQZLWKLQPXOWLLWHPYLVXDODUUD\V
:HZRXOGDOVRDGGWKDWZKLOHZHGLGQRWWHVWLQWULQVLFFRQMXQFWLYHELQGLQJLQWKH
SUHVHQWVWXG\WKHDEVHQFHRIDUHODWLRQVKLSEHWZHHQZRUGUHFRJQLWLRQDQGH[WULQVLF
ZLWKLQPRGDOLW\YLVXDOELQGLQJPHDQVDQ\OLQNZLWKLQWULQVLFELQGLQJZRXOGEH
VLPLODUO\XQOLNHO\WRHPHUJH 
$XVHIXOWKHRUHWLFDOIUDPHZRUNWRXQGHUVWDQGRXUUHVXOWVLVWKHPXOWLFRPSRQHQW
PRGHOSURSRVHGE\%DGGHOH\DQGFROOHDJXHV%DGGHOH\%DGGHOH\
%DGGHOH\	+LWFK7KLVPRGHOVSHFLILHVGLVWLQFWLRQVEHWZHHQYLVXRVSDWLDODQG
SKRQRORJLFDOPRGDOLWLHVDQGWKHPHDQVWRLQWHJUDWHVXFKLQIRUPDWLRQZLWKLQD
PRGDOLW\JHQHUDOHSLVRGLFEXIIHUVHHDOVR%DUURXLOOHW	&DPRV7KLVODWWHU
FRPSRQHQWLVDVVXPHGWRFRPSULVHDVWRUDJHFDSDFLW\EDVHGRQDPXOWLGLPHQVLRQDO
FRGH%LQGLQJPDWHULDOVIURPGLIIHUHQWGRPDLQVRUPRGDOLWLHVDVH[DPLQHGE\WKH
FURVVPRGDOELQGLQJWDVNLQWKHFXUUHQWVWXG\PD\SDUWLFXODUO\UHTXLUHWKHHSLVRGLF
EXIIHUIRUWKHLUIRUPDWLRQDQGUHWHQWLRQDVLPSOLHGE\%DGGHOH\¶VRULJLQDO
SURSRVDO,QDGGLWLRQWKLVEXIIHUPD\VHUYHDVDVWRUDJHDQGPRGHOOLQJVSDFHWKDWLV
LQIRUPHGE\EXWVHSDUDEOHIURPORQJWHUPPHPRU\$OOHQ+DYHOND)DOFRQ(YDQV	
 &526602'$/%,1',1*$1':25'5(&2*1,7,21 
23 
 
'DUOLQJ/DQJHURFN9HUJDXZH	%DUURXLOOHWDQGPD\IRUPDQ
LPSRUWDQWVWDJHLQORQJWHUPHSLVRGLFOHDUQLQJ%DGGHOH\7KHHSLVRGLFEXIIHU
FRQFHSWPD\WKHUHIRUHVHUYHDXVHIXOSXUSRVHLQXQGHUVWDQGLQJWKHREVHUYHG
UHODWLRQVKLSEHWZHHQFURVVPRGDOELQGLQJZLWKLQZRUNLQJPHPRU\DQGZRUG
DFTXLVLWLRQLQORQJWHUPPHPRU\WKURXJKLWVSURSRVHGSRVLWLRQDWWKHLQWHUIDFHRI
SKRQRORJLFDOSURFHVVLQJYLVXRVSDWLDOSURFHVVLQJDQGORQJWHUPPHPRU\7KLVLVQRW
WRFODLPWKDWDQ\WDVNEURDGO\OLQNHGZLWKWKHHSLVRGLFEXIIHUZLOOEHLQYROYHGLQZRUG
OHDUQLQJDVLQGHHGLQGLFDWHGE\WKHDEVHQFHRIUHODWLRQVKLSZLWKZLWKLQPRGDOLW\
ELQGLQJLQWKHSUHVHQWVWXG\3URFHVVHVIHHGLQJLQWRWKHLQLWLDOIRUPDWLRQDQGUHWHQWLRQ
RIUHSUHVHQWDWLRQVZLOOGLIIHUGHSHQGLQJRQDUDQJHRIIDFWRUVLQFOXGLQJW\SHRI
PDWHULDODQGVRXUFHPRGDOLW\,WLVWKHVSHFLILFPHFKDQLVPVLQYROYHGLQLQLWLDOO\
DVVRFLDWLQJYLVXDODQGDXGLWRU\YHUEDOLQIRUPDWLRQWKDWZHZRXOGVXJJHVWDUHVKDUHG
LQERWKZRUNLQJPHPRU\DQGZRUGOHDUQLQJWDVNV7KHFRQFHSWRIWKHHSLVRGLFEXIIHU
VLPSO\FDSWXUHVKRZWKLVDVVRFLDWLYHSURFHVVLQJPLJKWEHWHPSRUDULO\UHWDLQHGDQG
FRQQHFWHGWR/70 
:HZRXOGQRWHWKDWEDVHGRQWKHFXUUHQWILQGLQJVWKHFRQWULEXWLRQVRI
SKRQRORJLFDOPHPRU\DQGFURVVPRGDOELQGLQJLQYLVXDOZRUGOHDUQLQJDUHQRW
PXWXDOO\H[FOXVLYHEXWFRPSOHPHQWDU\$VVKRZQLQRXUUHJUHVVLRQUHVXOWVVHHWDEOH
ERWKYHUEDOPHPRU\DQGFURVVPRGDOELQGLQJPHPRU\PDNHVSHFLILFDQG
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GLVWLQJXLVKDEOHFRQWULEXWLRQVLQSUHGLFWLQJZRUGUHFRJQLWLRQVNLOOV7KLVSDWWHUQLVLQ
OLQHZLWKWKHLGHDWKDWOHDUQLQJWRUHDGLQYROYHVFUHDWLQJYLVXDOUHSUHVHQWDWLRQVRI
ZRUGIRUPVDQGFRQQHFWLQJWKHVHWREUDLQDUHDVFRGLQJSKRQRORJLFDOUHSUHVHQWDWLRQRI
VSHHFKVRXQGV'HKDHQH7KHFXUUHQWILQGLQJVGRQRWLQWHQGWRUHYLVLWWKHUROH
RISKRQRORJLFDOORRSLQOHDUQLQJSKRQRORJLFDOVWUXFWXUHRIDJLYHQZRUG,QVWHDGWKH\
KLJKOLJKWWKHDGGLWLRQDOFRQWULEXWLRQWKDWFURVVPRGDOELQGLQJDELOLW\PD\PDNH
WRZDUGVGHYHORSLQJYLVXDOZRUGUHFRJQLWLRQ  
2IFRXUVHDOWHUQDWLYHSHUVSHFWLYHVRQZRUNLQJPHPRU\DUHDOVROLNHO\WRSURYH
XVHIXOLQFRQVLGHULQJKRZFURVVPRGDOELQGLQJPLJKWEHDFKLHYHGDQGKRZWKLVPLJKW
UHODWHWRORQJHUWHUPZRUGDFTXLVLWLRQ:LWKLQWKHHPEHGGHGSURFHVVHVPRGHORI
&RZDQHJIRUH[DPSOHLQIRUPDWLRQIURPGLVSDUDWHVRXUFHVFRXOGEH
WHPSRUDULO\UHWDLQHGWRJHWKHUZLWKLQDOLPLWHGFDSDFLW\IRFXVRIDWWHQWLRQ:KLOHWKH
FXUUHQWZRUNZDVQRWGHVLJQHGWRGLIIHUHQWLDWHEHWZHHQWKHRULHVRIZRUNLQJPHPRU\
LWPD\SURYHIUXLWIXOIRUGLIIHUHQWSHUVSHFWLYHVWRFRQVLGHUKRZLQIRUPDWLRQIURP
GLVSDUDWHVRXUFHVLVEURXJKWWRJHWKHUDQGKRZWKLVPLJKWUHODWHWREURDGHUFRJQLWLRQ 
0RUHRYHULWLVZRUWKGLVFXVVLQJKRZFURVVPRGDOELQGLQJDELOLWLHVPLJKWEH
LQYROYHGLQWKHSURFHVVRIZRUGDFTXLVLWLRQ$SRVVLEOHDQVZHUWRWKLVTXHVWLRQKDV
EHHQGLVFXVVHGLQWKHFRQWH[WRIDOSKDEHWLFODQJXDJHV)RUH[DPSOHLQRSDTXH
RUWKRJUDSK\VXFKDV(QJOLVKDQG'DQLVKWKHUHDUHPDQ\LQFRQVLVWHQWPDSSLQJV
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EHWZHHQSKRQHPHVDQGJUDSKHPHV,WKDVWKHUHIRUHEHHQVXJJHVWHGWKDWOHDUQLQJ
VRXQGOHWWHUPDSSLQJPD\GUDZRQWKHDELOLW\WRIRUPDVVRFLDWLRQEHWZHHQWKHPHJ
1LHOVHQ	-XXO+RZPLJKWWKLVUHODWHWR&KLQHVHDVLQWKHSUHVHQWVWXG\"$V
DQLPSRUWDQWFRQWUDVWWRDOSKDEHWLFV\VWHPV&KLQHVHLVFRQVLGHUHGDVDPRUSKR
V\OODELFZULWLQJV\VWHPZKHUHFKDUDFWHUVPDSRQWRSKRQRORJ\DWV\OODEOHOHYHO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Table 1         
Descriptive Data for The Principle Measures !  !  !  !  !  !  !  
!  Mean !  SD !  Min !  Max ! !
Nonverbal Ability (standard score) 104.14  13.77  71.00  134.00  
Word Recognition (raw, Max=200) 86.40  25.50  8.00  137.00  
Word Recognition (T score) 59.43  11.13  25.00  81.71  
Auditory Memory (ACC) 0.91  0.07  0.68  1.00  
Visual Memory (ACC) 0.70  0.10  0.40  1.00  
Alien Memory (ACC) 0.74  0.09  0.53  1.00  
Cross-Modal Binding Memory (ACC) 0.72  0.18  0.25  1.00  
Within-Modal Binding Memory (ACC) 0.64  0.18  0.20  1.00  
!
!
!
!
!
!
!
!
!
!
!
!
Table 2        
Correlations between Measures, with Pearson's r (lower half) and Bayes Factors (upper half) !  
!  1 2 3 4 5 6 7 
1. Nonverbal Ability 1 34.89 0.43 53.35 940.07 103.28 3.06 
2. Word Recognition .309** 1 13.19 0.37 268.05 47.57 0.77 
3. Auditory Memory .151 .282** 1 0.12 0.13 0.17 1.86 
4. Shape Memory .319** .142 -.008 1 52497 203.56 182.4 
5. Alien Memory .382** .357** .051 .452** 1 1997.29 2017 
6. Cross-Modal Binding Memory .335** .317** .081 .351** .397** 1 38.82 
7. Within-Modal Binding Memory .236** .181 .218* .348** .397** .311** 1 
*p< .05. **p<.01. 
!
!
!
!
!
!
!
!
!
!
!
!
!!
!
Table 3
Hierarchical Regressions
Step Independent Variables
b LB UB LB UB SE B final ȕ p Total R 2 ǻR 2 p
Regression 1 Constant -1.197 -29.381 26.988 -30.284 28.638 14.226
1 Nonverbal Ability 0.158 0.010 0.307 -0.001 0.323 0.075 .196 .037 .095 .095 .001
2 Auditory Memory 37.200 10.328 64.071 12.510 64.560 13.564 .234 .007 .156 .061 .019
Shape Memory 0.047 -19.717 19.812 -23.401 20.131 9.976 .000 .996
3 Cross-Modal Binding Memory 14.264 2.938 25.590 3.030 26.590 5.717 .232 .014 .200 .044 .014
Regression 2 Constant 18.669 -0.171 37.509 0.940 39.590 9.509
1 Nonverbal Ability 0.170 0.018 0.322 -0.032 0.314 0.077 .210 .028 .095 .095 .001
2 Alien Memory 36.490 10.808 62.171 7.130 58.280 12.963 -.071 .479 .165 .070 .010
Shape Memory -7.637 -28.937 13.662 -34.450 12.760 10.751 .293 .006
3 Within-Modal Binding Memory 2.459 -9.381 14.300 -0.130 25.220 5.977 .039 .682 .166 .001 .682
Regression 3 Constant -0.898 -29.506 27.709 -30.724 29.713 14.438
1 Nonverbal Ability 0.157 0.008 0.307 -0.006 0.322 0.075 .195 .039 .095 .095 .001
2 Auditory Memory 36.774 9.151 64.397 10.630 65.890 13.941 .231 .010 .156 .061 .019
Shape Memory -0.345 -20.920 20.231 -24.945 22.149 10.384 -.003 .974
3 Within-Modal Binding Memory 0.850 -10.873 12.573 -11.610 11.807 5.917 .014 .886 .158 .003 .563
4 Cross-Modal Binding Memory 14.111 2.542 25.680 3.070 26.440 5.839 .229 .017 .200 .042 .017
Note. LB denotes lower bound, and UB denotes upper bound. Boostrap confidence interval calculations are based on 2000 bootstrap replicates. 
(CI 95%, plug-in) (CI 95%, bootstrap)
Dependent Variable: Character Recognition
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